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Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system 
(CNS) characterized by demyelinating lesions of the CNS, which cause focal 
neurological symptoms and signs disseminated in time and space. MS usually affects 
young adults between 20 and 40 years of age. However, 2%-10% of all MS patients 
have their first clinical event in childhood, therefore pediatric health care providers must 
be aware of the clinical features and management of this disease.  
Despite increased awareness and research in the field of pediatric MS (pMS) in the 
past 10 years, the diagnosis of pMS remains a challenge due to overlapping signs and 
symptoms with other diseases.  
Pediatric MS patients reach a comparable degree of disability 10 years earlier than 
patients with adult-onset of the disease. Therefore, early diagnosis and recognition of 
particular clinical characteristics associated with pMS is of importance for long-term 
management and patient well-being.  
There are only few published studies in the field of pMS. There are no data about 
epidemiological and clinical characteristics of pMS in Slovenia. 
 
 
The aim of this study was to evaluate the incidence of pMS in Slovenia and to describe 
clinical, cerebrospinal (CSF) and magnetic resonance imaging (MRI) findings at the 




We assume that incidence of pMS in Slovenia is in a range 0,15-0,6/100 000 children 
per year. We expect earlier onset of MS and more severe course of the disease in 
children with positive family history of demyelinating disease. We assume that children 
with MS have commonly an associated second autoimmune disease. We expect rare 
progression of acute disseminated encephalomyelitis to clinically definite MS and that 




In this retrospective nation-wide study, we collected data from all patients with an 
established diagnosis of MS, whose first symptoms related to a demyelinating lesion  
appeared before 18 years of age and who were treated at the Department of Child, 
Adolescent and Developmental Neurology at the University Children’s Hospital 
Ljubljana between January 1, 1992 and June 30, 2017.  
Department of Child, Adolescent and Developmental Neurology is the only department 
for treating patients with MS under 18 years in  Slovenia, so this study includes the 
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entire pMS population in Slovenia from the last 25.5 years.  
All cases fulfilled McDonald’s diagnostic criteria, and the recommendations of the 
expert consensus for diagnosing pMS. 
Case records were reviewed for gender, age at first symptoms of pMS, time to 
diagnosis, symptoms at onset, disease course at presentation (relapsing-remitting or 
progressive), family history of MS, associated secondary disease, cerebrospinal fluid 
(CSF) findings, magnetic resonance imaging (MRI) findings at the first demyelinating 
event and data about prescribed treatments. We have subdivided the patients into two 
age groups, the childhood-onset group (12 years or younger) and the adolescent-onset 
group (older than 12 years). 
Student’s t-test was used for continuous data. Where data were not normally 
distributed, the Mann-Whitney U test was used for 2-group comparisons to get exact 2-
tailed p values. A p value of <0.05 was considered as statistically significant. 
To estimate the incidence of pMS in Slovenia, demographical data of the Statistical 





The estimated incidence of pMS in Slovenia is 0.66/100,000 children per year. Sixty-
one patients were included in our study. There were 47 (77%) girls and 14 (23%) boys, 
median 15,4 years at disease onset. In 4 patients, onset of pMS was before the age of 
12 years (childhood-onset pMS). Relapsing-remitting multiple sclerosis was most 
prevalent, with only 2 patients presenting with a primary progressive pMS. A 
concomitant autoimmune disease was found in 4 children (6% of patients). Out of 61 
children, 11 (18%) had at least one first-degree family member with MS. The first 
presentation was polysymptomatic in 59% of patients, with motoric symptoms (48%),  
sensory disturbances (44%), cerebellar symptoms (33%), and brainstem symptoms 
(26%) as common initial manifestations. All patients in the childhood-onset group 
presented with polysymptomatic manifestation. Only 2 patients were initially diagnosed 
with acute disseminated encephalomyelitis (ADEM). In the cerebrospinal fluid, 88% of 
patients had positive oligoclonal bands, 58% mononuclear pleocytosis and 61% had an 
elevated IgG index. Brain magnetic resonance imaging (MRI) showed a predominant 
supratentorial involvement (100% of patients). Seventy percent of patients were treated 
with high dose corticosteroids at first relapse. Forty-six patients (75%) had received 
immunomodulatory therapy at some point during their disease. Concerning differences 
between the childhood-onset and adolescent-onset groups, the MRI and and CSF 






Our study provides new data on pMS characteristics in Slovenia and, to our knowledge, 
this is the first study characterizing pMS in our country. The estimated incidence of 
pMS in Slovenia is in expected range and is very close to those previously reported in 
other countries. The clinical pattern of pMS in our cohort of patients was characterized 
by polysymptomatic presentation and predominantly sensory symptoms at onset, and 
with relapsing-remitting course of the disease. We could not confirm that genetic factor 
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influences the age at the onset of the disease or the course of the disease.  
These results may help increase awareness of pMS symptoms and age dependent risk 
for MS, subsequently leading to an early and correct diagnosis of pMS and early start 





























Multipla skleroza (MS) je kronična vnetna bolezen osrednjega ž ivčevja neznanega 
vzroka. Za MS so značilni nevrološki znaki in simptomi, ki so posledica v č asu in 
prostoru razpršenih žarišč demielinizacije. MS ponavadi prizadane mlade odrasle med 
20. in 40. letom starosti.	Začetek bolezni v otroški dobi je relativno redek, saj pred 18. 
letom starosti zboli le približno 2-10% bolnikov. Kljub temu je MS v zadnjih letih vedno 
bolj prepoznana bolezen tudi v pediatrični populaciji. Bolezen se pri otrocih 
najpogosteje pojavlja v najstniških letih, č eprav so v pediatričnih š tudijah poročali o 
pojavu simptomov pri bolnikih, mlajših od 10 let.  
Čeprav MS v pediatrični populaciji ne predstavlja drugačne bolezni od MS pri odraslih 
bolnikih, se v številnih lastnostih, ki so pomembne za zdravljenje in prognozo, vseeno 
razlikuje od MS pri odraslih bolnikih. Poleg tega pediatrični bolniki z MS zaradi začetka 
bolezni v zgodnji življenjski dobi dosežejo primerljivo stopnjo prizadetosti 10 let prej kot 
bolniki, ki so zboleli z MS v odrasli dobi. Zato sta zgodnja postavitev diagnoze in 
prepoznava določenih kliničnih značilnosti, ki se pojavljajo pri pediatrični MS, ključni za 
uspešno zdravljenje in dobro prognozo bolnikov.  
Do sedaj so bile objavljene le redke študije iz področja pediatrične MS (pMS), pa še te 
so bile v večini primerov iz geografskih področij z visoko prevalenco MS. Ena izmed 
glavnih težav pri oceni razširjenosti pMS je bila odsotnost jasne definicije pMS, kar je 
privedlo do nedoslednih in različnih rezultatov v prejšnjih š tudijah. Leta 2013 je 
International Pediatric MS Study Group definirala pediatrično MS kot MS, ki se začne 
pred 18. letom starosti, poleg tega pa morajo biti za postavitev diagnoze izpolnjeni  
McDonaldovi kriteriji. Drug dejavnik, ki je ključnega pomena pri ocenjevanju deleža 
pediatričnih bolnikov z MS, je dostop do natančnih kliničnih podatkov v veliki kohorti 
bolnikov z MS. Predpostavlja se, da je še vedno veliko pediatričnih bolnikov z MS, ki se 
jih ne prepozna pravočasno ali pa imajo napačno diagnozo, npr. akutni diseminirani 
encefalomielitis (ADEM), in je diagnoza MS pogosto postavljena šele v odrasli dobi. To 
je posledica slabega poznavanja zaradi relativno redke pojavnosti te bolezni v otroški 
dobi in raznolikosti začetnih simptomov. Pri mlajših bolnikih niso vedno prisotni vsi 
značilni simptomi in znaki kot pri odraslih bolnikih z MS, poleg tega pa je v otroški dobi 
bistveno obsežnejša diferencialna diagnoza.  
V Sloveniji do sedaj š e ni bilo izvedene raziskave, ki bi opredelila epidemiološke in 
klinične značilnosti MS v otroški dobi. 
 
Namen raziskave je bil oceniti incidenco pMS v Sloveniji ter določiti klinične, 








Predvidevamo, da je incidenca pMS v Sloveniji v območju 0,15-0,6/100 000 otrok na 
leto.  Pri otrocih z dedno predispozicijo za MS je začetek bolezni zgodnejši in potek 
bolezni težji. Otroci z MS imajo pogosteje pridruženo še drugo avtoimuno obolenje v 
primerjavi z zdravo populacijo otrok. Mlajši bolniki z MS zbolijo pogosteje s 
polisimptomatsko klinično sliko. Otroci s tipično klinično sliko akutnega diseminiranega 
encefalomielitisa zelo redko razvijejo MS. 
 
Metode 
Gre za retrospektivno raziskavo otrok in mladostnikov z MS, ki so bili od 1.1.1992 do 
30.6.2017 obravnavani na KO za otroško, mladostniško in razvojno nevrologijo 
(KOOMRN) Pediatrične klinike v Ljubljani. KOOMRN je edini oddelek v Sloveniji, kjer 
obravnavamo bolnike z MS, mlajše od 18 let, tako da je v raziskavo vključena celotna 
populacija otrok z MS v Sloveniji v tem 25,5 letnem obdobju. 
V raziskavo smo vključili bolnike, ki so izpolnjevali McDonaldove kriterije za postavitev 
diagnoze pMS in priporočila s strani International Pediatric MS Study Group (IPMSSG). 
Za vsakega bolnika posebej smo iz razpoložljive medicinske dokumentacije zbrali 
osnovne demografske podatke, starost ob prvem zagonu demielinizacijske bolezni 
osrednjega ž ivčevja, starost ob postavitvi diagnoze MS, podatke o morebitnem 
družinskem članu ali sorodniku z MS, podatke o simptomih in znakih ob prvem zagonu 
demielinizacije (ki smo jih razdelili v šest skupin: 1. Senzorični simptomi, 2. Motorični 
simptomi, 3. Cerebelarni simptomi, 4. Simptomi možganskega debla, 5. Optični nevritis, 
6. Encefalopatski simptomi (ADEM)), pridruženih drugih avtoimunih obolenjih, 
prisotnosti oligoklonalnih trakov in pleocitoze v likvorju, magnetno resonančne (MR) 
značilnosti, podatke o poteku bolezni (recidivno-remitentna ali progresivna) in o vrsti 
zdravljenja ob začetku bolezni. Bolnike smo razdelili v dve starostni skupini in sicer v 
skupino z začetkom MS v otroštvu (starost 12 let ali manj) ter v skupino z začetkom MS 
v adolescenci (starejši od 12 let).  
Za kontinuirane spremenljivke smo uporabili Studentov t-test. V primerih, ko podatki 
niso bili normalno porazdeljeni, smo za primerjavo dveh skupin uporabili Mann-Whitney 
U test. Kot statistično pomembno smo vrednotili vrednost p<0,05. 
Za izračun incidence pMS v Sloveniji smo uporabili demografske podatke Statističnega 
urada Republike Slovenije. 
 
Rezultati 
Izračunali smo, da je incidenca pMS v Sloveniji 0.66/100,000 otrok na leto. V raziskavo 
smo vključili 61 bolnikov (77% deklic). Mediana starost ob prvem zagonu 
demielinizacije je bila 15,4 let in mediana starost ob postavitvi diagnoze MS 16.3 let. 4 
bolniki so doživeli prvo epizodo pred 12. letom starosti. Večina bolnikov je imela 
relapsno-remitentno obliko, le dva bolnika sta imela primarno progresivno obliko MS. 4 
bolniki so imeli pridružena druga avtoimuna obolenja. 18% bolnikov je imelo vsaj enega 
sorodnika v prvem kolenu z MS. 59% bolnikov je imelo ob prvem zagonu 
polisimptomatsko klinično sliko z motoričnimi simptomi (48%), senzoričnimi simptomi 
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(44%), cerebelarnimi simptomi (33%) in simptomi možganskega debla (26%) kot 
najpogostejšimi začetnimi simptomi in znaki. Vsi bolniki v skupini z začetkom MS v 
otroštvu so imeli polisimptomatsko klinično sliko. Le 2 bolnika sta najprej zbolela s 
tipično klinično sliko akutnega diseminiranega encefalomielitisa (ADEM). 88% bolnikov 
je imelo prisotne oligoklonalne trakove v likvorju, 58% jih je imelo pleocitozo in 61% 
povišan IgG index. Vsi bolniki so imeli značilne demielinizacijske spremembe v 
supratentorialnem predelu osrednjega ž ivčevja. Pri 70% bolnikov je bil prvi zagon 
zdravljen s kortikosteroidi. 46 (75%) bolnikov je začelo z imunomodulatornim 
zdravljenjem enkrat tekom bolezni. Pri primerjavi MR značilnosti in rezultatov analize 
likvorja med skupino z začetkom MS v otroštvu ter skupino z začetkom MS v 





Naša raziskava nudi nove podatke o MS v pediatrični populaciji v Sloveniji in je prva 
raziskava, ki je opredelila epidemiološke in klinične značilnosti MS v otroški dobi v naši 
državi. Izračunana incidenca pMS v Sloveniji je v pričakovanem območju in je zelo 
podobna predhodno objavljenim incidencam v drugih državah. Z našo raziskavo smo 
potrdili hipoteze, da imajo otroci z MS pogosteje pridruženo š e drugo avtoimuno 
obolenje v primerjavi z zdravo populacijo otrok, da mlajši bolniki z MS zbolijo pogosteje 
s polisimptomatsko klinično sliko in da otroci s tipično klinično sliko akutnega 
diseminiranega encefalomielitisa zelo redko razvijejo MS. Nismo pa uspeli potrditi 
hipoteze, da je pri otrocih z dedno predispozicijo za MS začetek bolezni zgodnejši in 
potek bolezni težji. 
Ti rezultati lahko pomagajo povečati ozaveščenost o simptomih in znakih MS v otroški 
dobi ter posledično pripomorejo k zgodnejši diagnozi pMS in zgodnjejšemu začetku 
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PEDIATRIC MULTIPLE SCLEROSIS (pMS) 
 
Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central 
nervous system (CNS) that is characterized by demyelinating lesions and focal 
neurological symptoms disseminated in time and space. MS occurs predominantly in 
young adults between 20 and 40 years of age (1, 2), but in recent years, MS is also 
increasingly recognized in the pediatric population (3). 
Pediatric multiple sclerosis (pMS) is defined by onset before the age of 18 years and 
was previously known as early onset MS or juvenile MS (4-6). The International 
Pediatric MS Study Group (IPMSSG) initially created a consensus definition for pMS 
(4) and published an update in 2013 (5) that incorporates the 2010 revised McDonald 
criteria for diagnosis of MS (7).  
The exact etiology of MS is still unknown and different etiologic factors have been 
reported. Recent studies revealed that genetic and environmental factors including viral 
exposure and vitamin D deficiency may contribute to the development of pMS (8-10).  
It is estimated that 2-10% of all MS cases have their first clinical event before the age 
of 18 years (5, 8, 11-16). Therefore, pediatric health care providers must be aware of 
the clinical features and management of this disease. Despite increased awareness 
and research in the field of pMS in the past ten years, the diagnosis of pMS remains a 
challenge due to overlapping signs and symptoms with other diseases (17).  
Pediatric MS patients reach a comparable degree of disability 10 years earlier than 
patients with adult-onset of the disease (14) and 30-50% of children with MS 
experience significant cognitive issues (18).  
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Given that children with MS are at risk of serious physical and cognitive impairment, 
early diagnosis with recognition of particular clinical characteristics associated with 
pMS and early initiation of appropriate treatment is important for reducing the risk of 
disability and for patient’s well-being. 
 
EPIDEMIOLOGY OF pMS 
 
Over 2,5 million people worldwide suffer from MS (19). In pediatric population it is 
usually diagnosed during adolescence, although many series of pMS report patients 
with symptoms onset below the age of 10 and sometimes at age as low as 2 years (3). 
The global incidence of pMS is unknown. In a national MS registry from Wales, 5,4% of 
patients had developed clinical symptoms before the age of 18 years, and only 0,3% 
presented before the age of 10 years (20). The incidence of pediatric multiple sclerosis 
per 100 000 children per year has been estimated to be 0,13 in France (21), 0,18 in 
Canada (22), 0,66 in the Netherlands (23), 0,3 in Germany (24) and 0,51 in the USA 
(15). Epidemiological studies have shown that there are areas with higher prevalence 
of MS in the world, such as North America and certain countries in northern Europe 
(25). Some studies have suggested that Sardinia has the highest prevalence of pMS 
(26).  
As in adults with MS, pMS displays an overall female preponderance. However, there 
is a variation in gender ratio with age of onset. The female to male ratio is balanced in 
patients with younger onset MS (<10-12 years of age) but then increases in 
adolescent-onset MS, and points to the disease-enhancing effects of hormonal state in 
puberty (6, 8, 11-14, 24, 27, 28). 
A positive family history of MS is seen in 6-20% of patients with the pMS (11, 29). 
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CLINICAL PRESENTATION OF pMS 
 
The initial presentation and symptoms of MS in children are highly variable and 
generally reflect the specific areas of the CNS involved. Clinical symptoms may be 
monofocal and localize to a single CNS site, or polyfocal, reflecting multiple areas of 
concurrent CNS inflammation and demyelination. Common presenting symptoms 
include optic neuritis, paresthesias, weakness, ataxia, diplopia and urinary symptoms, 
localizing to the optic pathway, brainstem, hemispheres, cerebellum or spinal cord, 
either alone or in combination. Symptoms attributable to a demyelinating attack 
typically persist for at least 24 hours (6, 30). They are similar to those of adult-onset 
MS. The exception are younger children (<12 years of age), which are more likely to 
present initially with encephalopathy, fever, seizures and polyfocal symptoms (22, 31). 
This presentation may be sometimes indistinguishable from acute disseminated 
encephalomyelitis (ADEM) (32). Brainstem and cerebellar syndromes are also more 
common in younger children and adolescent patients (12, 33, 34).  
More than 98% of pMS patients have relapsing-remitting MS (RRMS) and less than 2% 
of pediatric patients with MS have primary progressive MS (PPMS) (6, 8). The rarity of 
MS in children should always prompt extensive assessment for alternative diagnoses. 
Pediatric MS has a higher relapse rate in the first few years after diagnosis compared 
to adult MS (3, 8, 35, 36). Though pediatric MS patients are more likely to experience 
relapses during the first few years after symptom onset, their recovery is often 
complete and they progress more gradually (37). Because of their slower course of 
disability, secondary progressive MS (SPMS) is not commonly seen in childhood.  
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About 50% of pMS patients reach this stage 10 to 20 years after their initial relapse (8, 
15). However, these patients will be more disabled compared to adult patients with MS, 
due to the earlier onset of the disease (38). 
Although physical disability is not a prominent feature in pediatric patients, more than 
half of children with MS have cognitive dysfunction within a few years of diagnosis. The 
impairment of executive functions, processing speed, complex attention, receptive 
language, visuomotor integration and deficits in memory are most common (39-42). 
Debilitating fatigue and depression are also a common feature in most pMS patients 
and may have negative impact on cognitive functioning and quality of life (43-47). 
 
ETIOLOGY OF pMS 
 
The exact etiology of MS is still unknown, but the research performed in the last two 
decades indicates that it is most likely a multifactorial disease. It is dependent on  
genetic factors and environmental exposures that influence peripheral and possibly 
CNS-specific immune cell functions (48-50).  
 
Environmental risk factors  
• EBV (Epstein-Barr virus) 
Almost all adult patients with MS are EBV seropositive in comparison with 80-
90% of healthy controls (51-53). Evidence for an etiologic role of EBV in MS may 
be even stronger in pediatric population as serological evidence for remote 
infection with EBV is present in over 80% of pediatric patiens with MS compared 
to a prevalence of approximately 40% in regionally and age-matched healthy 
controls (9, 54-56). 
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• Vitamin D 
Vitamin D deficiency has been shown to be a contributory factor to risk of MS in 
adults (57) and children (49, 58). Several cohort studies have shown there is a 
relationship between vitamin D concentration and relapse rate, as increase in 
vitamin D concentration was associated with important reduction in the risk of 
subsequent relapses (59). 
• Obesity 
Childhood and adolescent obesity has been associated with subsequent 
increased risk of multiple sclerosis (60). This may be due the low vitamin D 
levels in children and adolescents who are overweight, since most of the vitamin 
D is deposited in adipose tissue (61).  
• Smoking exposure 
Parental smoking was found to be significantly associated with pMS onset and a 
dose-response effect by duration of exposure was reported (62). 
• Diet 
It has been suggested that high dietary salt intake might be risk factor for 
development of MS through the induction of pathogenic TH17 cells (63). 
 
Genetic risk factors 
Certain human leukocyte antigen (HLA) genes are associated with an increased risk for 
MS (64). Several studies have shown a significant skew to HLA DRB1*1501 in pMS 
patients versus healthy controls or individuals with monophasic acquired demyelinating 
syndromes (53, 65, 66). A recent study in pMS has confirmed the strong effect of 
DRB1*1501 and additionally has shown that 36 of the 110 genetic variants associated 
with adult MS are also associated with the disease in children (67). 
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Immune pathogenesis 
A simple model of the immune pathogenesis of MS can be conceptualized from studies 
of immune responses in adults with MS, which showed a number of abnormalities in T 
cell phenotype and function (68, 69). First, there is peripheral activation of CD4+ T cells 
in response to some stimulating antigen and, than the transmigration of activated T 
cells across the blood-brain barrier. This transmigration involves adhesion, 
chemoattraction, and active infiltration of the activated immune cells of the CNS, which 
contributes to the perivascular inflammatory injury of the CNS (50, 69). The initial 
antigenic targets in MS are unknown. The hypothesis of molecular mimicry postulates 
this to be an infectious antigen, triggering T cell responses that are cross-reactive with 
a CNS antigen. Compact myelin antigens such as myelin basic protein (MBP), 
proteolipid protein and myelin oligodendrocyte glycoprotein (MOG) have been 
traditionally considered the leading candidates (50). 
Children with MS exhibit higher frequencies of proliferating memory CD4+ T cells and 
higher interleukin-17 secretion in response to myelin peptides than healthy children, 











FIGURE 1. Development of pediatric- and adult-onset multiple sclerosis (50). 
Genetic and environmental factors interact over time to confer risk of developing 
multiple sclerosis (MS). Patients with pediatric-onset MS come to clinical attention at a 
time that is closer on average to biological disease onset. This would be associated 
with a narrower range of environmental exposures acting on genetic susceptibility, 
providing a unique window to investigate early targets and mechanisms involved in the 






PATHOLOGY of MS 
 
The pathologic hallmark of MS is multiple focal areas of myelin loss within the CNS 
called plaques or lesions. Demyelination is accompanied by inflammation, gliosis and 
relative axonal preservation (Figure 2) (71). Lesions are disseminated throughout the 
CNS with the predilection for optic nerves, subpial spinal cord, brainstem, cerebellum, 
juxtacortical and periventricular white matter regions (71,72). 
 
 
FIGURE 2. Typical multiple sclerosis (MS) 
lesion showing a confluent demyelinated 
plaque with sharp border to the periplaque 
white matter (x100, Luxol fast blue-periodic 




Recent pathologic and imaging studies have demonstrated that demyelination also 
affects the grey matter, especially the cortical grey matter. Three different lesion types 
can be distinguished in the cortical grey matter. The most frequent lesion type is the 
subpial lesion, followed by leukocortical and purely intracortical lesions (73-75). The 
deep grey matter is also substantially involved in the demyelinating process (50).  
MS lesions evolve differently during early and chronic disease phases, and within each 
phase, different plaque types and plaques in different stages of demyelinating activity 
are evident (71). Acute active plaques are most frequent in acute and RRMS and 
represent the pathological substrate of clinical attacks (71, 76, 77). Chronic plaques are 
more frequently seen in patients with progressive MS (71, 76, 78). Inflammation is 
invariably present in almost all types of lesions and disease stages of MS. Its severity 
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decreases with the age of patient and disease duration, and at the very late stage of 
the disease it may even decline to levels seen in healthy age-matched controls (79). 
Axonal damage and loss are apparent in chronic MS, where axonal density is reduced 
up to 80% within the plaque (79, 80). There is a higher degree of acute damage to 
axons in younger patients and those with shorter disease duration (81). A recent 
systematic analysis of pMS white matter lesions showed a 50% higher degree of acute 
damage to axons in children with MS than in the adult patients (82). Neurodegeneration 
in all demyelinated lesions is invariably associated with inflammation, and in chronic 
inactive lesions in patients with long-standing progressive MS, it is also reduced to 
levels seen in healthy controls (79).  Remyelination can be observed in MS lesions and 
may be particularly evident in early disease stages (83) and in the cortex compared to 
the white matter (84).  
 
DIAGNOSIS OF pMS 
 
The diagnosis of MS is based on clinical findings, supported by imaging and laboratory 
findings, and is predicated on the exclusion of other disorders. 
The diagnostic criteria for pMS were published in 2007 (4) and then updated in 2013 
(Table 1) (5). They incorporate the 2010 revised McDonald criteria for diagnosis of MS 
(Table 2) (7). The diagnosis of MS in children requires evidence of dissemination of 
CNS inflammatory activity (dissemination in space; DIS) and recurrent disease over 
time (dissemination in time; DIT) without encephalopathy. The 2010 McDonald criteria  
permit the diagnosis of pMS at first presentation in a child over 12 years provided that 
the magnetic resonance imaging (MRI) features demonstrate lesions in areas typical 
for MS (periventricular white matter, juxtacortical, brainstem and spinal cord) and that 
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there are at least two clinically silent lesions, one of which enhances with gadolinium. 
Evidence of relapse or new MRI lesions over time also confirm the diagnosis of pMS in 
patients not meeting the criteria at onset (7). These criteria should be applied with 
caution in children younger than 12 years as their positive predictive value was found to 
be only 55% (85). The criteria also should  be applied with caution in children who are 
thought to have ADEM.  
 
Table 1: Current consensus definition of pediatric multiple sclerosis (pMS) (5). 
Any of the following:  
 
- Two or more non-encephalopathic central nervous system (CNS) inflammatory events separated  
by more than 30 days, involving more than one area of the CNS. 
 
- A first, single clinical event that does not meet criteria for acute disseminated encephalomyelitis 
(ADEM) with magnetic resonance imaging (MRI) features that meet the 2010 revised McDonald 
criteria for dissemination in space and time (applies to children ≥ 12 years).  
 
- ADEM followed three months later by a non-encephalopathic clinical event with new lesions on 
MRI consistent with MS that fulfil 2010 revised McDonald criteria for dissemination in space.  
 
- One non-encephalopathic episode typical of MS that is associated with MRI findings consistent 
with the 2010revised McDonald criteria for dissemination in space, with a follow-up MRI showing at 













Table 2: 2010 Revised McDonald criteria for multiple sclerosis (MS) (7). 
Clinical presentation 
(number of attacks) 
Objective clinical evidence 
(number of lesions) 
Additional data needed for MS 
diagnosis 
Two or more                  Two or more                          None. If tests (MRI and LP) are undertaken 
and negative, extreme caution should be 
taken before a diagnosis of MS. 
                                                                                  
Two or more                  One  Dissemination in space, demonstrated by: 
MRI with at least one T2 lesion in at least 
two of four locations thought to be 
characteristic of MS (periventricular, 
juxtacortical, infratentorial, spinal cord); 
Await further clinical attack implicating a 
different site. 
One Two or more Dissemination in time, demonstrated by: 
MRI with simultaneous presence of 
asymptomatic gadolinium-enhancing and 
non-enhancing lesions at any time; 
A new T2 and/or gadolinium-enhancing 
lesion on follow-up MRI scan with 
reference to a baseline scan; 
Second clinical attack. 
One One Dissemination in space, demonstrated by: 
MRI with al lest one T2 lesion in at least 
two of four locations thought to be 
characteristic of MS (periventricular, 
juxtacortical, infratentorial, spinal cord); 
Await further clinical attack implicating a 
different site. 
AND 
Dissemination in time, demonstrated by: 
MRI with simultaneous presence of 
asymptomatic gadolinium-enhancing and 
non-enhancing lesions at any time; 
A new T2 and/or gadolinium-enhancing 
lesion on follow-up MRI scan with 
reference to a baseline scan; 










The International Panel on Diagnosis of Multiple Sclerosis have recently reviewed the 
2010 McDonald criteria and made recommendations for the revised 2017 McDonald 
criteria (86). The new 2017 revisions of McDonald criteria introduces important 
changes, with a further simplification for the earlier diagnosis and preservation of 
specificity of the 2010 McDonald criteria reducing the frequency of misdiagnosis. The 
following changes were made: 1. Introduction of the presence of OCB in CSF to make 
the diagnosis of MS in a patient with evidence of DIS, allowing for substitution of DIT; 2. 
Symptomatic lesions can be used to demonstrate DIS or DIT in patients with 
supratentorial, infratentorial, or spinal cord syndrome; 3. Cortical lesions can be used in 
addiction to juxtacortical ones to demonstrate DIS. The Panel agreed that the 2017 
McDonald criteria should not be applied to children at the time of ADEM presentation 
and that occurrence of a subsequent attack characteristic of MS is necessary to 
diagnose MS (5). 
 
MRI features of pMS  
MRI plays a key role in the diagnostic evaluation of MS in children and adults. MRI 
criteria for MS are based on the presence of multiple focal lesions in the white matter of 
the CNS, which are considered typical for this disorder in terms of distribution, 
morphology, evolution and signal abnormalities on conventional MRI sequences (T2-
weighted and T2-weighted fluid-attenuated inversion recovery (FLAIR) scans, and pre-
contrast and post-contrast T1-weighted scans) (87-89).  
As discussed above, the revised 2010 McDonald criteria allow diagnosis of pMS at the 
time of a first clinical attack if dissemination in time and space is present on the initial 
MRI. DIS in pediatric patients with MS is met by the presence of at 1 lesion in at least 2 
of 4 typical white matter locations, including juxtacortical, periventricular, infratentorial 
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and spinal cord. In patients presenting with a spinal cord or brainstem syndrome, these 
symptomatic lesions do not count toward the lesion count (7). DIT in older patients (≥12 
years of age) can be met at the time of a baseline scan if there is evidence of both a 
gadolinium-enhancing and nonenhancing clinically silent lesions (7). The presence of 
nonenhancing and asymptomatic gadolinium-enhancing lesions is predictive for the 
development of RRMS in the setting of a first clinical attack (90, 91). For MS diagnosis 
in patients not meeting criteria at the time of their first clinical attack new lesions on 
serial scans or further clinical attacks are necessary. It is advised that the diagnosis of 
MS in patients younger than 12 years be based on two or more clinical attacks, or at 
least by one clinical attack and MRI evidence of accrual of clinically silent lesions on 
serial scans (7).  
In addition to formal MRI parameters for MS diagnosis, the presence of one or more 
hypointense lesions on T1-weighted imaging, called a black hole, or at least one 
periventricular lesion is suggestive of MS in children at the time of an initial clinical 
attack (92). The figure 3 illustrates the MRI features of pediatric MS (30). 
With regard to spinal cord imaging, pediatric patients with MS  have spinal lesions 
usually in the cervical and thoracic cord (93). Although studies have shown that 
inclusion of spinal cord imaging at first clinical attack do not increase diagnostic 
sensitivity in pediatric patients (94, 95), it is helpful in distinguishing MS from other 












FIGURE 3. The MRI features of multiple sclerosis (MS) in children (30). 
(A) Axial T1-weighted image demonstrating hypointense lesions (black holes) in a 
patient with multiple sclerosis. (B) Axial T2/Fluid Attenuation Inversion Recovery 
(FLAIR) images demonstrating lesions in the periventricular and subcortical white 
matter typical of multiple sclerosis. 
 
Cerebrospinal fluid (CSF) analysis 
The CSF analysis is important as potential supporting evidence for the diagnosis of MS 
and in considering the differential diagnosis of a child with an acute inflammatory 
demyelinating episode. If CSF is obtained in a patient with suspicion of having MS, 
routine analysis including cell count, glucose and proteins should be obtained. A mild to 
moderate pleocytosis is commonly seen in children with MS, although a white blood 
cell count greater than 50 cells⁄mm3 or the presence of neutrophils in CSF are rare in 
MS and should prompt consideration of other diagnosis in postpubertal age group (98). 
Prepubertal children are more likely to have a slightly higher total CSF white cell count 
combined with a higher proportion of neutrophils than postpubertal children (99) and 
adult patients with MS (100). Common features of MS in both children and adults are 
positive IgG oligoclonal bands (OCBs) in CSF. In pMS population between 87 and 92% 
of children have positive OCBs (31, 98). OCBs are considered positive if two or more 
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IgG bands are present in CSF, but negative in corresponding serum. CSF IgM OCBs 
can also be found in a subset of pediatric and adult patients with MS. In adults their 
presence has been associated with more aggressive disease (101), but such 
association has not been found in pMS (102). 
 
Evoked potentials 
Evoked potentials are electrophysiologic tests that provide information on the integrity 
of axons and their surrounding myelin and provide supportive evidence for prior 
demyelination in the optic nerve, brainstem, or somatosensory pathways (103). 95% of 
children with optic neuritis (ON) and over 60% of children with MS and no overt clinical 
optic nerve involvement have abnormal visual evoked potentials (104). Brainstem and 
somatosensory studies are abnormal in 75% of children with MS who have clinical 
brainstem syndromes and in 40% of those without clinically apparent brainstem 
symptoms (31). Somatosensory studies are abnormal in 60% of children with MS who 






The differential diagnosis of MS in childhood and adolescence includes other 
demyelinating syndromes, CNS infectious, inflammatory, and neoplastic disorders, 
leukodystrophies, mitochondria, and vascular conditions (17). Clinical history, complete 
clinical and neurologic examination, CSF and blood analysis should be done to 
differentiate these disorders when possible. 
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Acute disseminated encephalomyelitis (ADEM) 
The most common and the most difficult differential diagnosis at the time of a first 
demyelinating attack is ADEM. ADEM is an acute CNS inflammatory demyelinating 
syndrome that is defined by encephalopathy (behavioural change, irritability, or altered 
consciousness not attributable to fever) and multifocal neurologic signs (5). The clinical 
symptoms often occur in the context of a recent viral illness or vaccination. It has been 
most commonly reported in children aged 5 to 8 years (105, 106). Typically, the 
cerebral white matter lesions on MRI in ADEM are large and multifocal and have poorly 
demarcated borders. Deep grey matter lesions can also be present (5). MRI features 
noted to distinguish ADEM from MS are presence of diffuse bilateral lesions, an 
absence of two or more periventricular lesions and an absence of black holes (107). 
Spinal cord lesions occur in approximately 25% of children with ADEM (104, 108) and 
are usually longitudinally extensive (109). Serum anti-aquaporin-4 IgG antibodies are 
negative, whereas serum anti-MOG antibodies may be present, but are usually 
transient (110). CSF OCBs are rarely seen in ADEM (111-113). 
ADEM is most commonly a monophasic illness, but less than 15% of all patients 
presenting with ADEM experience another demyelinating attack with encephalopathy 
(114). These cases are termed multiphasic ADEM, which is defined as two episodes 
consistent with ADEM separated by three months and not followed by any further 
events. These cases can involve new or re-emergence of prior neurologic symptoms, 
signs and MRI findings (5). 2-10% of children who present initially with ADEM will 
subsequently have recurrent episodes of CNS demyelination not consistent with ADEM 




Neuromyelitis optica (NMO) spectrum disorder 
Another inflammatory demyelinating disorder of the CNS that can mimic MS is NMO 
spectrum disease. The diagnostic criteria for NMO spectrum disorder have been 
updated in 2015 and they are based on the presence of at least one or two core clinical 
features (depending on presence of anti-aquaporin-4 seropositivity), which include optic 
neuritis, acute myelitis, an area postrema syndrome, an acute brainstem syndrome, 
symptomatic narcolepsy or an acute diencephalic syndrome with NMO spectrum 
disorder-typical brain lesions, or a symptomatic cerebral syndrome with NMO spectrum 




Acute CNS infection must be considered in children who present with an acute 
demyelinating syndrome. Demyelinating lesions in CNS may be seen in the context of 
acute CNS infection with EBV, Mycoplasma, enteroviruses, HIV encephalomyelitis, 
progressive multifocal leukoencephalopathy (PML), Whipple‘s disease, subacute 
sclerosing panencephalitis (SSPE), and other pathogens (124). 
 
Vascular and autoimmune disorders 
Inflammatory vasculopathies, including systemic lupus erythematosus, CNS vasculitis, 
and isolated angiitis of the CNS, can all present with polyfocal neurologic deficits, 
headache, and MRI features of white matter involvement (125-127), and therefore can 
be very difficult to distinguish from MS. Children with systemic lupus erythematosus 
and vasculitis may demonstrate autoantibodies against nuclear antigens. Isolated 
angiitis of the CNS can be diagnosed with brain biopsy (125). Vascular diseases 
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mimicking MS are rare in children and would include moyamoya disease and cerebral 




CNS neoplasms, particularly CNS lymphoma, may be very difficult to distinguish from 
MS as it can mimic a tumefactive lesions of MS on brain MRI (17, 129). 
 
Leukodystrophies 
Inherited disorders affecting CNS white matter, or leukodystrophies, may mimic MS, 
though will have a different clinical history characterized by chronic and progressive 
symptoms, characteristic MRI findings, and involvement of other organ systems. Such 
disorders include metachromatic leukodystrophy, globoid cell leukodystrophy, 
adrenoleukodystrophies, infantile Refsum’s disease, Alexander’s disease, Pelizaeus–
Merzbacher disease, vanishing white matter disease, and Fabry disease (17). 
 
Mitochondrial disorders 
Mitochondrial diseases are typically progressive and may be marked by bilateral basal 
ganglia involvement on brain MRI. Typical cytopathies that can mimic MS are Kearns-
Sayre syndrome, MELAS (Mitochondrial encephalopathy, lactic acidosis, and stroke-
like episodes), MERRF syndrome (Myoclonic epilepsy with ragged red fibers), Leigh 







TREATMENT OF pMS 
 
Management od pMS focuses on reducing relapses and symptoms. In the past few 
years the concept of no disease activity is increasingly being viewed as the overall goal 
for treatment. The concept of no disease activity has been termed NEDA (no evidence 
of disease activity) and is defined by absence of clinical and MRI disease activity (130- 
131). There have been significant advances in the last two decades in MS therapeutics, 
with regulatory approval for 13 drugs for use in adults by the European Medicines 
Agency (EMA) and Food and Drug Administration (FDA) (132). There is only limited 
approval for interferon-β (IFN- β) and glatiramer acetate (GA) use in children ≥12 of 
age by the EMA, though several clinical studies of many drugs in children are currently 
underway. Information on their efficacy, tolerability, and safety in children has so far 
mostly come from randomized controlled trials in adults, expert consensus, and small 
observational studies (133). 
The therapy of pMS includes treatment of relapses, immunomodulatory and 
symptomatic treatment. A multidisciplinary approach is preferred, which aims at 
preventing disease progression and accumulation of neurological deficits. 
 
Treatment of relapses 
Acute treatment may hasten clinical recovery, but it has no impact on ultimate disease 
course (134). It is used if neurologic symptoms associated with relapse impair function 
or cause discomfort. The first line treatment used for an acute demyelinating attack is 
intravenous methylprednisolone at a dose of 20-30 mg/kg/day (maximum dose of 
1000 mg/day) for 3-5 days (133). This treatment should be given in the morning and 
needs to be supported by gastroprotective medications. Short courses of high-dose 
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steroid therapy reduce side effects of systemic steroid use. Common side effects in 
children are mood disturbances, insomnia, hyperglycemia, hypertension, arrhythmias, 
facial erythema, increased appetite and body weight, acne, and gastric ulcerations 
(127, 135). If by the end of the intravenous steroid treatment course full recovery is not 
attained, a short oral prednisone taper at a dose 1mg/kg/day (maximum dose of 60 
mg/day) can be used and tapering over 10-14 days (30). If neurologic symptoms do not 
improve or clinical condition even worsens despite use of intravenous steroid 
treatment, a 5 day course of intravenous immunoglobulines (IVIG) at 0,4 g/kg/day 
can be administered (30). Another option for when intravenous steroids fail to improve 
a severe relapse is plasmapheresis (30, 136). 
 
Immunomodulatory therapy 
The International Pediatric MS Study Group consensus statement recommends the use 
of first-line immunomodulatory therapies as the standard of care for all pediatric 
patients with MS (137). According to the recommendations, pediatric patients with MS 
should be treated with immunomodulatory drugs as early as possible (138). The 
general approach is shown in the figure 4 (139). These drugs are subdivided into two 










FIGURE 4. The general approach in the treatment of pediatric multiple sclerosis 
(pMS) (139). 
It is suggested to start MS treatment with current first-line medications early. Patients 
with adverse events or poor tolerability can be offered to change the first-line therapy, 
switching to glatiramer acetate (GA) if previously treated with interferon-b (IFN-b) or 
vice versa. Switching to a second-line therapy can be considered for patients who do 




First-line immunomodulatory therapy 
Immunomodulatory drugs have shown significant therapeutic effectiveness by reducing 
the frequency and severity of relapses and radiologic disease activity, as well as the 
progression of disability (140). Common drugs in this category are interferon-β 1a 
(Avonex®, Rebif®), interferon-β 1b (Betaferon®), and glatiramer acetate (Copaxone®). 
These drugs are given either intramuscularly (i.m.) or subcutaneously (s.c.) and are 
well tolerated (3, 140-141).  
Interferons are cytokines, acting through specific receptors to regulate signalling 
cascades. Their effects range through the inhibition of autoreactive T cells, reduction of 
lymphocyte migration, and induction of anti-inflammatory mediators  (3). The common 
side effects are flu-like symptoms, reported by 35-65% of children, skin reaction at site 
of injection in more than two thirds of children, headache, myalgia, nausea, fatigue,  
anemia, increased liver enzyme values, and thyroid dysfunction (138, 140). 
Acetaminophen or ibuprofen before IFN-β injection or at appearance of flu-like 
symptoms reduce their frequency and severity. Regular laboratory monitoring of 
hematological parameters and liver enzymes values each month during the first 6 
months and then once every 3 months is recommended (138, 142-144). Thyroid 
function should be evaluated one to two times per year (6). Patients treated with with 
IFN-β can develop neutralizing antibodies, which reduces biological activity of this 
medication and increases risk of relapses (145-146). Therefore, testing for the 
presence of neutralizing antibodies should be done in patients at 12 and 24 months of 
therapy or if there is evidence of breakthrough disease activity. In the case of positive 
neutralizing antibodies at repeated measurements with 3- to 6-month intervals, IFN-β 
should be discontinued (139). 
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Glatiramer acetate (GA) is a synthetic amino acid polymer that was designed to 
resemble MBP. It inhibits specific effector T-lymphocytes and has influence on antigen-
presenting cells and suppressor T-lymphocytes (3). GA is generally well-tolerated and 
regular laboratory monitoring is not required (140). In rare cases GA causes a transient 
flushing-like reactions associated with tachycardia (6). 
Pediatric patients on immunomodulatory therapy need to be followed to asses the 
efficacy and safety by performing MRI every 6-12 months and laboratory analyses 
(blood cell count, kidney function, and liver function) (139).  
 
Second-line immunomodulatory therapy 
Around 30% of children on first-line immunomodulatory therapy experience 
breakthrough disease, requiring second-line immunomodulatory therapy (147). 
Definitions for inadequate treatment response vary and are dependent on age, disease 
duration, and disease activity prior to treatment initiation. IPMSSG consensus 
statement proposed the following definition of inadequate treatment response in 
pediatric MS: if the patient has been fully compliant on treatment for at least 6 months 
and demonstrates: 1. no reduction in relapse rate or new T2 or contrast-enhancing 
lesions; or 2. 2 or more confirmed relapses (clinical or MRI) within a 12-month period 
(137). The current recommendations involves switching of these patients to 
natalizumab or other medications in use for adult patients with highly active RR MS. 
None of these medications has completed randomized controlled trials in the pediatric 
population. 
Natalizumab (Tysabri®) is a humanized monoclonal antibody targeting the α4 subunit 
of α4β1 integrin, which is cell-surface adhesion molecule found on lymphocytes, that 
interact with ligands on vascular endothelial cells and allow transmigration of 
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lymphocytes into the CNS (148). It is given once a month by intravenous infusion in a 
dose of 300 mg (149) or 3-5mg/kg (3). Natalizumab has been shown to decrease 
clinical relapse rate by approximately 70% and reduces accumulation of new or 
enlarging T2 hyperintense lesions by approximately 83% compared to placebo in adult 
patients (150). Natalizumab use in pMS was reported in several retrospective studies 
(151-155). They have confirmed natalizumab decreases disease activity of MS with 
fewer side effects in pediatric patients (156). Despite all the benefits of natalizumab, its 
use in pediatric population is still limited given the risk of serious side effects, such as 
progressive multifocal leukoencephalopathy (PML), hypersensitivity, and infections (3, 
147, 156, 157). PML is a severe, potentially fatal brain infection caused by reactivation 
of the JC virus in immunosuppressed patients. Three risk factors for PML in association 
with natalizumab use are positive serostatus for anti-JC virus antibodies, prior use of 
immunosuppressants, and increased time on therapy (158). Prior to beginning therapy 
with natalizumab, it is necessary to perform JC virus serological testing, and secondary 
testing 3-6 months later in seronegative patients (156). If there are any signs of PML, 
natalizumab should be stopped immediately. Discontinuation of natalizumab is often 
associated with return of clinical and MRI activity (152). 
Mitoxantrone (Novantrone®) reduces proliferation of T and B lymphocytes. It is 
administered as a single dose of 10-20 mg (maximal cumulative dose of 200 mg) by 
intravenous infusion every 3 months (149). Mitoxantrone is approved for adult patients 
with highly active RR and secondary progressive MS (159). It is rarely used because of 
its increased risk of cardiomyopathy, acute leukemia, liver toxicity, amenorrhea, 
nausea, infections, alopecia, and fatigue (38, 149, 160-162). 
Fingolimod (Gilenya®) targets the sphingosine-1-phospate receptor, preventing the 
migration of lymphocytes from lymph glands, and subsequently reducing the number of 
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lymphocytes in the CNS (3). Tablets of 0,5 mg are taken once daily orally. It has higher 
efficacy than first-line medications, but it also has serious side effects, such as 
abnormal heart rhythm after the first dose of the drug, macular edema, lymphopenia 
and increased hepatic enzymes, malignant tumor proliferation, infections, and PML (38, 
163). 
Teriflunomide (Aubagio®) acts through the reversible inhibition of dihydroorotate 
dehydrogenase, thus affecting T-cell and B-cell proliferation (38). It is administered 
orally once a day. Its safety profile is favorable, the most common side effects are 
alopecia and hepatotoxicity (3). The results of the studies in pediatric patients are to be 
expected in the near future. 
Azathioprine is an immunosuppressive drug used in adults that antagonizes purine 
metabolism. It is given orally in a dose of 2,5-3 mg/kg/day. The most common side 
effects include skin rashes, gastrointestinal symptoms, liver toxicity, and cytopenia 
(149). 
Cyclophosphamide is also an immunosuppressive drug with cytotoxic effects. 
Although formal approval has not been achieved, cyclophosphamide may be effective 
in very active MS in pediatric patients by reducing clinical and MRI activity (38, 164). 
The most common side effects are vomiting, amenorrhea, transient alopecia and 
osteoporosis, but cyclophosphamide is also associated with increased risk of bladder 
cancer, secondary leukemia and infertility (3, 38, 149). 
Rituximab (Mabthera®) is a chimeric monoclonal antibody that selectively targets the 
CD20  receptor on activated B lymphocytes. It has been shown that rituximab 
suppresses clinical and MRI activity in MS and NMO in adolescents (38). A few cases 
of PML have been reported in patients with systemic lupus erythematosus with 
rituximab therapy (3, 149). Few studies on the use of rituximab in pediatric patients with 
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MS so far found rituximab treatment to be safe and well-tolerated (165, 166). 
Dimethyl fumarate (Tecfidera®) is an oral drug that has been shown to reduce 
cytokine production, lymphocyte count and result in migration of immune cells through 
the blood-brain barrier, although its mechanism of action is still not fully understood 
(167). Its active metabolite is monomethyl fumarate. The most common side effects 
include itching and redness, nausea and vomiting, abdominal pain, diarrhea, 
lymphopenia, PML, vision problems, and hypersensitivity reactions (168). 
Alemtuzumab (Lemtrada®) is a human monoclonal antibody against CD52 binding to 
the surface of CD4+ and CD8+ cells, and monocytes. It is most active during the early 
inflammatory phase of the disease.  Alemtuzumab is more efficient in lowering the 
number of relapses in patients than fingolimod and interferon beta and it has similar 
efficacy to natalizumab (169). It is administered via intravenous infusion with a specific 
dosage regimen. First-year treatment consists of five 12 mg/day i.v. infusions and 
second-year treatment consists of three 12 mg/day i.v. infusions. No treatment is 
needed in the following 2-3 years (169, 170). The most common side effects include 
infusion reactions (headache, swelling, fever, nausea, rash, and fatigue) (171), 
therefore patients should be monitored very closely, especially 2-3 hours after (in 30% 









Table 3: First-line and second-line immunomodulatory therapy (170). 
                       Dose                                                                        Mode of                         Dosing regimen      
                                                                                                        application 
First-line immunomodulatory therapy 
Interferon           30 µg                                                                      i.m.                                Once a week 
beta-1a              22-44 µg                                                                 s.c.                                Three times a week 
 
Interferon           250 µg                                                                    s.c.                                Every other day 
beta-1b 
 




Second-line immunomodulatory therapy 
Natalizumab       3–5 mg/kg                                                             i.v.                                  Once a month 
 
Mitoxantrone       In a dose of 10–20 mg—up to  
                            a total dose of 200 mg                                         i.v.                                  Once every 3 months 
 
Fingolimod          0.5 mg                                                                  p.o.                                 Once a day 
   
Teriflunomide      14 mg                                                                   p.o.                                 Once a day 
 
Azathioprine        2.5–3 mg/kg                                                         p.o.                                 Once a day 
 
Rituximab            500–1000 mg                                                       i.v.                                  Every 6–12 months 
 
Dimethyl 
fumarate              Initial dose 120 mg, therapeutic dose 240 mg    p.o.                                  Twice daily 
 
Alemtuzumab     12 mg/day                                                             i.v.                                   5 days (1st year)                                   
                           12 mg/day                                                             i.v.                                   3 days (2nd year)                                                     
 













Symptomatic therapy should be directed toward eliminating specific symptoms, such as 
pain, anxiety, depression, fatigue, stiffness, interference with urination, and sexual 
dysfunction. Pain in MS patients is usually neuropathic and should be treated according 
to the recommendations for the treatment of neuropathic pain with tricyclic 
antidepressants, gabapentin, pregabalin, 5% lidokain, and tramadol (173, 174). 
Depression and fatigue are significant problems in pediatric patients with MS. 76% of 
children with MS complain of fatigue (45). Fatigue in pediatric MS also correlates with 
depression, school performance, and quality of life (45, 46, 175, 176). Patients with 
fatigue should have enough rest and adequate physical activity (170). Spasticity in 
children and adolescents with MS is most often treated with baclofen, diazepam, 
botulinum-toxin A, or intense physical therapy (173). In adult patients with MS 
improvements in walking speed can be achieved with fampridin (Fampyra®) (177, 178). 















PROGNOSIS OF pMS 
 
Although pMS appears to be a more pronounced inflammatory disease than adult MS, 
with more frequent relapses (35, 36) and MRI lesion accrual (178), 90% of children with 
MS have no evidence of physical disability in the first 5 years after their initial 
demyelinating event (32). The other 10% will need ambulatory aid after approximately 3 
years. Some of those will develop significant gait impairment or wheel-chair 
dependence within the first 5 years (180). This is more likely to occur in children with 
polyfocal onset of the disease, a short interval (less than 1 year) between the first two 
relapses, an incomplete recovery after the first relapse, progression of disability 
between relapses, and/or frequent relapses in the first two years (32, 180-182). Despite 
the longer latency between the first relapse and the development of secondary 
progressive disease and/or neurologic disability in pediatric MS, these patients will be 
more disabled at a younger age (8). Given that children experience MS during a critical 
point of neurodevelopment, cognitive sequelae of pediatric MS can be seen much 
earlier in disease course. Children with earlier onset and longer duration of MS usually 










AIM OF THE STUDY 
 
The onset of MS in childhood is infrequent. It is estimated that 2-10% of all MS cases 
have their first relapse before the age of 18 year (5, 8, 11-16).  
One of the difficulties in estimating the prevalence of pMS has been the lack of a 
consistent definition of pMS, which may have led to inconsistent and varied results in 
previous studies (15). Recent progress has been made in the development of a 
consensus definition for pMS by the International Pediatric MS Study Group (5), which 
includes onset under the age of 18 years and the use of the McDonald criteria to 
validate the MS diagnosis (7). Another factor critical in estimating the proportion of pMS 
is access to accurate, well-characterized clinical data in a large cohort of MS patients. 
There are only few published studies in pMS (8, 11, 12, 22, 24, 27, 185, 186). A study 
which would identify epidemiological and clinical characteristics of MS in pediatric 
population has not been yet done In Slovenia. It is assumed that many cases of of pMS 
either remain undiagnosed or are possibly misdiagnosed as ADEM and diagnosis of 
MS is often delayed until adulthood. This results from lack of awareness on account of 
the relative rareness of the condition in the pediatric age group and the diversity of 
presenting symptoms. In young people the characteristic presentations seen in adult 
onset MS are not always present, and the differential diagnosis is significantly wider. 
 
The aim of this study is to determine incidence of MS and describe the clinical, 






1. The incidence of pMS in Slovenia is in a range 0,15-0,6/100 000 children per 
year.  
2. pMS patients with additional family history of demyelinating disease have earlier 
onset and more severe course of the disease.  
3. Children with MS have commonly an associated second autoimmune disease. 
4. Younger patients with MS present more commonly with polysymptomatic clinical 
picture. 

















MATERIALS AND METHODS 
 
Study protocol and patients 
In this retrospective nation-wide study, we collected data from all patients with an 
established diagnosis of pMS, whose first symptoms related to a demyelinating lesion 
appeared before 18 years of age and who were treated at the Department of Child, 
Adolescent and Developmental Neurology at the University Children’s Hospital 
Ljubljana between January 1, 1992 and June 30, 2017. According to a national 
agreement between hospitals in Slovenia, all pMS patients are referred to our 
department for treatment, which makes it the only tertiary center treating pMS patients 
in Slovenia. We therefore believe that this study includes the entire pMS population in 
Slovenia from the last 25.5 years. To make sure no children were missed from the 
study, we have contacted the only other tertiary medical center in Slovenia treating 
children with neurological disorders (University Medical Centre Maribor) and they 
confirmed that no pMS patients were treated in their center. Also, we have contacted all 
neurological departments in Slovenia treating adult MS patients, according to their own 
registries, they have confirmed that they have not treated any patients, in whom the 
first symptoms of MS would present before 18 years of age. Therefore, we believe this 
is a true nation-wide study of pMS patients in Slovenia. 
All cases fulfilled McDonald’s diagnostic criteria (7, 187), and the recommendations of 
the expert consensus for diagnosing pMS (4, 5). 
Case records were reviewed for gender, age at first symptoms of pMS, time to 
diagnosis, symptoms at onset, disease course at presentation (relapsing-remitting or 
progressive), family history of MS, associated secondary disease, CSF findings, MRI 
findings at the first demyelinating event and data about prescribed treatments.  
 51 
Patients were divided into two age groups, the childhood-onset group (12 years or 
younger) and the adolescent-onset group (older than 12 years). 
For estimation of patients with associated other autoimmune disease we investigated 
all patients with headache that were ambulatory evaluated at our department from 
January 1, 2017 do June 30, 2017. We performed to all of them blood examination for 
thyroid hormones and antibodies. 
 
Statistical analysis 
To estimate the incidence of pMS in Slovenia, demographical data of the Statistical 
Office of the Republic of Slovenia were used. We have calculated the incidence by 
dividing the number of pMS patients having their first symptoms in a particular year with 
the average population at risk for that year, multiplied by 100.000 to be able to give the 
incidence as a number of patients per 100.000 children per year. The yearly incidence 
for the year 2017 was estimated on the basis of the half-year data. We have than 
averaged the yearly incidences over the 25.5-year period. 
Statistical analyses were performed using SPSS software version 24 (SPSS Inc., 
Chicago, IL, USA).  
Student’s t-test was used for continuous data. Where data were not normally 
distributed, the Mann-Whitney U test was used for 2-group comparisons to get exact 2-
tailed p values. However, due to the characteristics of the study, many results are 
presented only in a descriptive manner.  





Standard protocol approvals 
The study protocol was approved by the National Medical Ethics Committee of the 
Republic of Slovenia (date of certificate release 19.6.2016; certificate nr. 0120-


























The incidence of MS in Slovenian children was calculated using national population 
data. The annual average incidence was 0,66/100 000 children (95% CI, 0,45-0,85) 
(table 5). Specifically, for years 1994, 1995, 2004, 2005 and 2007 the annual incidence 
was 0/100 000 children. Detailed information on yearly incidences is given in the Table 
4. 
Table 4: Annual incidence of pMS in Slovenia. 
 
  
Year Number of children pMS patients Incidence of pMS 
1992 450344 3 0,67 
1993 470205 1 0,21 
1994 459309 0 0,00 
1995 451649 0 0,00 
1996 438129 1 0,23 
1997 425387 5 1,18 
1998 412899 2 0,48 
1999 401944 1 0,25 
2000 392766 3 0,76 
2001 384176 1 0,26 
2002 375763 2 0,53 
2003 367578 2 0,54 
2004 361141 0 0,00 
2005 354625 0 0,00 
2006 349109 4 1,15 
2007 346066 0 0,00 
2008 348065 4 1,15 
2009 328644 4 1,22 
2010 349552 3 0,86 
2011 351503 4 1,14 
2012 354110 5 1,41 
2013 356661 5 1,40 
2014 358773 5 1,39 
2015 360686 3 0,83 
2016 363088 3 0,83 
2017 364582 2 (until July 1) 1,10 
Average incidence over the 25.5-year period 0,66 
For the year 2017, the number of children living in Slovenia is given for the day April 1, 2017 and the 
yearly incidence is estimated on the basis of the half-year data. 
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The study group consisted of 61 patients, 47 (77%) girls and 14 (23%) boys. In 4/61 
patients (7%) onset of MS was before the age of 12 years (childhood-onset group) and 
in 57/61 patients (93%) onset was between 12 and 18 years of age (adolescent-onset 
group). The female/male ratio in the total study group was 3.4:1. 
The median age at the time of disease onset was 15.4 years (range 8.0 – 17.8 years) 
and the median age at diagnosis of MS was 16.3 years (range 10.0 – 20.0 years). 
Median time between the first demyelinating event to the time of diagnosis was 8 
months (range 0 – 72).  
The majority of patients (97%) presented with a relapsing-remitting course (RRMS) of 
the disease and in only 2 patients primary progressive MS (PPMS) was diagnosed. No 
child with secondary progressive MS was reported. The 2 patients with a PPMS were 
girls (aged 13 and 15 years), both showing poly-symptomatic manifestations with 
pyramidal and sensory symptoms and positive CSF oligoclonal bands (OCBs). The 
both patients had a negative family history for MS. 
Of 61 children, 11 (18%) had at least one first-degree family member with MS. In one 
family both sisters were affected and in another two sisters, father and aunt were 
affected. According to the family history we divided our patients into two groups, group 
with positive family history and group with negative family history for a first-degree 
family member with MS.  The mean age at the time of disease onset was 15.6 years in 
the group with positive family history and 14.9 years (range 10.0 – 20.0 years) in the 
group with negative family history. Clinical symptoms at the time of the first 
presentation of MS did not differ between the two groups.  
An associated secondary disease was reported in 13 patients (21%), with the most 
frequent being an allergy (5 patients). A concomitant autoimmune disease was found in 
4 children, 2 had autoimmune thyroiditis, 1 had insulin-dependent diabetes, and 1 
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uveitis. 
The first presentation (Table 6) was polysymptomatic in 59% of patients, with motoric 
symptoms (48%),  sensory disturbances (44%), cerebellar symptoms (33%), and 
brainstem symptoms (26%) as common initial manifestations.  
Within the group of 25 (41%) monosymptomatic patients, the presenting symptoms 
were most often optic neuritis (48%), followed by sensory symptoms (32%), brainstem 
symptoms (12%) and motor symptoms (8%). Regarding the primary symptoms, there 
were no significant differences when comparing gender or the two age subgroups. 
Two out of 61 patients (3%) presented with polysymptomatic manifestation and 
encephalopathy and were initially diagnosed as ADEM. One patient was from the 
childhood-onset group and one from the adolescent-onset group. 
CSF analysis was performed in 59/61 patients (2 families rejected the investigation). 
CSF analysis showed that 58% of pMS patients had mononuclear pleocytosis, 61% 
had an elevated IgG index and 88% had positive IgG OCBs in the CSF.  
In all patients brain MRI had been performed and in 54/61 also spinal MRI. The MRI 
findings revealed that all of the patients (100%) had supratentorial lesions, 54% 
infratentorial lesions and 56% spinal cord lesions. Of all patients, 31% had lesions in all 
three regions. 
Treatment of the first relapse consisted in 43 (70%) patients of high dose steroid 
therapy. Forty-six patients (75%) had received immunomodulatory therapy at some 
point during their disease. Thirty-seven patients (81%) were treated with interferon-
beta, seven (15%) with glatiramer acetate and two (4%) with dimethyl fumarate. Nine 
patients were switched to other disease modifying therapy: 3 to natalizumab, 2 to 
fingolimod (1 was before treated with natalizumab), 4 to dimethyl fumarate and 1 to 
alemtuzumab. The median age at which immunomodulatory therapy was started was 
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17.1 years (range 13.4 – 21.7) and the median interval from onset of the disease to the 
start of immunomodulatory therapy was 15 months (range 2 – 147). There were 16 
patients (35%) who were not treated with immunomodulatory therapy because they and 
their families refused such treatment. 
The main demographic and clinical features of these patients are outlined in Table 5. 
 
Table 5: Patients data 
Characteristics  
Median age at the first manifestation 15,4 y 
Median age at confirmation of MS diagnosis 16,3 y 
Mean/median time between the first manifestation and the 
diagnosis of MS (min-max) 
8 m (0 m-72 m) 
 n (%) 
Relapsing-remitting MS 59 (97%) 
Primary progressive MS 2 (3%) 
Family history of MS 11 (18%) 
Concomitant autoimmune disease 4 (6%) 
Laboratory data  
Positive CSF oligoclonal bands 52 (88%) 
Elevated IgG index  35 (61%) 
Pleocytosis 34 (58%) 
MRI data  
Hyperintense lesions on T2-weighted images  
- Supratentorial involvement  61/61 (100%) 
- Infratentorial involvement 33/61 (54%) 
- Spinal cord involvement 30/54 (56%) 
- All 3 regions 17/54 (31%) 
High dose steroid therapy at first episode 43 (70%) 
First immunomodulatory therapy  
IFN-β 37 (81%) 
Glatiramer acetate 7 (15%) 
Dimethyl fumarate 2 (4%) 
Change in therapy 9 (20%) 
n: Absolute number with proportions % for nominal variables; m: Months; y: Years; Pleocytosis: CSF 






Table 6: The presenting symptoms at the onset of pMS 
The presenting symptoms  n (%)  
Monosymptomatic pMS 25 (41%) 
Optic neuritis 12 (20 %) 
Sensory symptoms 8 (13%) 
Brainstem symptoms 3 (5%) 
Motor symptoms 2 (3%) 
Polysymptomatic pMS 36 (59%) 
Optic neuritis 7 (11%) 
Sensory symptoms 27 (44%) 
Motor symptoms 29 (48%) 
Cerebellar symptoms 20 (33%) 
Brainstem symptoms 16 (26%) 
Spinal cord symptoms 1 (2%) 
Encephalopathy 2 (3%) 
 
 
According to the age of the first demyelinating event we divided our patients into two 
groups (childhood-onset group, <12 years, and adolescent-onset group, ≥12 years). 
Four patients (7%; 3 female, 1 male) had the disease onset before the age of 12 years 
and in 57 patients (93%; 44 females, 13 males) onset was between 12 and 18 years of 
age. The median age at the diagnosis of pMS in the childhood-onset group was 9.9 
years (range 8.0 – 11.9), all of these patients had a RRMS. One of these patients had a 
positive familiar history of MS. The median age at the diagnosis of pMS in the 
adolescent-onset group was 15.8 years (range 12.6 – 17.8), and 55 (96%) patients had 
RRMS. Median time lapse between disease onset and age at the diagnosis was 1.2 
years in the total cohort, 2.4 years in the childhood-onset group and 1.1 years in the 
adolescent-onset group. All patients (100%) in the childhood-onset group presented 
with polysymptomatic manifestation at the time of disease onset. Imaging data and 
CSF analysis data were very similar in both groups. 
In the childhood-onset group, all 4 (100%) patients underwent treatment with 
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immunomodulatory therapy at some point. One of them underwent treatment with 
immunoglobulin as initial therapy. In the adolescent-onset group, 40 (70%) of the 
patients underwent treatment with immunomodulatory therapy at some point. 
Seventeen patients underwent treatment with immunoglobulin as their initial therapy. 
The main demographic and clinical data of both groups are presented in Table 7. 
 
Table 7: Childhood-onset versus adolescent-onset data 
 N Childhood-







Age at the confirmation of diagnosis 4 9,9 y (8 y; 11,9 y) 57 15,8 y (12,6 y; 17,8 y) 
  n (%)  n (%) 
Positive CSF oligoclonal bands 4 4 (100%) 57 48 (87%) 
Increased IgG index 4 4 (100%) 55 31 (58%) 
CSF Pleocytosis 4 3 (75%) 57 31 (56%) 
Relapsing-remitting MS 4 4 (100%) 57 55 (96%) 
Primary progressive MS 4 0 57 2 (4%) 
Family history of MS 4 1 (25%) 57 10 (18%) 
Concomitant autoimmune disease 4 0 57 4 (7%) 
MRI data     
Hyperintense lesions on T2-weighted lesions     
- Supratentorial involvement  4 4 (100%) 57 57 (100%) 
- Infratentorial involvement 4 4 (100%) 57 33 (51%) 
- Spinal cord involvement 2 1 (50%) 55 29 (53%) 
- All 3 regions 2 1 (50%) 55 16 (29 %) 
High dose steroid therapy at first episode 4 3 (75%) 57 40 (70%) 
Therapy options 3  54  
IFN-β  2 (67%)  35 (65%) 
Glatiramer acetate  0  7 (13%) 
Dimethyl fumarate  0  2 (4%) 
Immunoglobulin  1 (33%)  17 (31%) 









FIGURE 5: P-values of Fisher exact test comparing the number of concomitant 
autoimmune diseases in pediatric MS versus the incidence of autoimmune diseases in 
non-MS population. Dashed lines indicate the incidence of diabetes type 1 for 
Slovenian pediatric population, i.e. (a) patients up to age 14, (b) patients up to age 18, 



















We report on the first Slovenian cohort of pMS patients. We estimated the incidence of 
pMS in Slovenia, as ours is the only tertiary center in Slovenia for treating patients with 
MS younger than 18 years. The estimated incidence of pMS in Slovenia is 
0.66/100,000 children per year. This number is very close to those previously reported 
incidences of pMS in other countries (15, 23, 186, 191). The definitions of pMS used in 
some previous studies have been variable including onset <16 years (12-14). In our 
study, we defined pMS as having an onset below 18 years according to the consensus 
definitions published by the International Pediatric MS Study Group in 2007 (4) and 
updated in 2013 (5).  
Of all patients with pMS, 7% of the total cohort presented with the childhood-onset pMS 
(under the age of 12 years) which is in agreement with previously reported studies, 
estimating that up to 17% of all pMS patients had childhood-onset MS (6, 188, 189). 
The diagnosis of MS in the childhood-onset group is even more difficult than in the 
adolescent-onset group, which is illustrated by the difference in time lapse between 
onset of the disease and the diagnosis of MS. Median time lapse between the disease 
onset and the age at the diagnosis was 1.2 years in the total cohort, 2.4 years in the 
childhood-onset group and 1.1 years in the adolescent-onset group. The new IPMSSG 
2013 (5) criteria now enable an earlier pMS diagnosis, especially in adolescents. Early 
diagnosis is very important because it enables earlier treatment. 
The female to male ratio in our study was 3.4:1 for the whole study group. This female 
predominance is also seen in adult MS and is one of the most consistent findings in the 
MS studies (12, 13, 15, 27, 185), suggesting a possible role for puberty hormonal 
changes modulating the immunological state (6, 15, 185). Some previous studies have 
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found an almost equal gender ratio in the childhood-onset group (6, 12, 15, 24, 34, 181, 
188, 192), supporting even stronger the role of sex hormones (193). However, we did 
not confirm balanced female to male ratio in the prepubescent patients in our study, 
due to small number of patients in the childhood-onset group. 
We only found two patients (3%) with PPMS, in comparison to approximately 20% in an 
adult MS patients. Both patients with PPMS had disease onset in adolescence and 
severe disability at the last evaluation. These findings are in agreement with most pMS 
studies, which have reported low frequencies for the primary progressive courses 
ranging from 0 – 7% (13, 14, 24, 27, 194). An age-dependent increase in the rate of 
primary progressive courses is well known in adult MS patients (195, 196). It has been 
proposed that disease progression in pediatric MS patients is slower and the 
development of the secondary progressive course later than in adult MS patients (11, 
13, 14), but prolonged follow-up studies showed that paediatric MS patients reach a 
comparable degree of disability 10 years earlier than patients with adult-onset of the 
disease (14). 
Studies in adult MS patients have revealed that 15-20% of adult patients have positive 
family history for MS (197). In our cohort, 18% of patients had a positive family history 
of MS. Other studies on pMS have reported a relatively lower prevalence of a positive 
family history for MS, ranging from 2 to 13,9%. (8, 14, 24, 188, 191). This variable rates 
of a positive family history can be explained by the fact that some studies included first-
degree and others more distant relatives. Only first-degree relatives were included in 
our study. Hence, familial MS does not seem to be more frequent in pMS patients than 
in adult MS patients. Furthermore, study from Sadovnick et al in 2009 found that 
genetic load did not generally influence the age of MS onset (198), which we also 
confirmed in our study. In our work, the mean age at the time of the disease onset was 
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15.6 years in the group with positive family history and 14.9 years (range 10.0 – 20.0 
years) in the group with negative family history. There was also no statistically 
significant difference in clinical symptoms at the time of the first presentation of MS 
between the both groups. According to these findings we did not confirmed our 
hypothesis that pMS patients with additional family history of demyelinating disease 
have earlier onset and the more severe course of the disease.  
Pohl et al. found in their study in 2007 a high incidence of associated autoimmune 
diseases in German pediatric MS patients compared to the low prevalence rate in the 
general pediatric population: from the cohort of 132 patients two children had diabetes 
type 1 and one patient had juvenile chronic arthritis (24). In our work, a concomitant 
autoimmune disease was found in 4 children, 2 had autoimmune thyroiditis, 1 had 
insulin-dependent diabetes, and 1 uveitis. 
According to study of Bratina et al (199) the incidence of diabetes type 1 in Slovenian 
pediatric population up to age 14 and up to age 18 is 16.1 and 70 per 100,000, 
respectively. Additionally, in a control group of 209 healthy pediatric patients, examined 
for nonspecific headache symptoms between January 1, 2017 and June 30, 2017, we 
found only one patient with autoimmune disease (diabetes type 1, incidence 478.5 per 
100,000). To determine whether the incidence of associated autoimmune diseases in 
our pediatric MS study group is indeed higher than the incidence of autoimmune 
diseases in general pediatric population we performed a one-sided Fisher exact test 
(statistical package R, exact2x2). Comparing the MS and control group we found a 
statistically significant difference (p-value < 0.01, power 71.5%), thus confirming a 
higher incidence of associated autoimmune diseases in pediatric MS patients.  
Figure 5 shows a sensitivity analysis of the p-values with respect to the MS-associated 
and general incidence of autoimmune diseases in the pediatric population. Even for an 
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incidence of autoimmune diseases as high as 1000 per 100,000 (1%) in the general 
pediatric population the incidence of associated autoimmune diseases in pediatric MS 
is significantly higher when compared to our study group.  
The initial presentation and symptoms of MS in children are highly variable (15, 200, 
201). In German nationwide study, 44% of patients displayed cerebellar signs, 30% 
brainstem and 29% motor symptoms at onset (24). There was a predominance of 
motor impairment (38%) and brainstem/cerebellar symptoms (22,5%) also in a 
Brazilian study (202) and study from Venezuela (192). Our study revealed similar 
frequencies of symptoms at onset, with the exception of a much higher frequency of 
sensory symptoms than the majority of other studies. Regarding the primary symptoms, 
there were no significant differences when comparing gender or the two age groups. 
Polysymptomatic manifestation is common in pediatric patients with MS, especially in 
adolescents (6, 32, 180, 201). In our cohort, 59% of patients had a polysymptomatic 
clinical picture at disease onset, with motor, sensory and cerebellar symptoms being 
the most prevalent. In patients with monosymptomatic (41%) presentation at disease 
onset, cerebellar and pyramidal symptoms were rarely observed but appeared to be 
more common in younger children, while sensory symptoms prevailed in the 
adolescent-onset group. Within the group of monosymptomatic patients, the most often 
presenting symptom was optic neuritis (48% of patients). The polysymptomatic MS at 
the disease onset is more common in children than in adults (32), and our results are in 
concordance with this as well. Additionally, all patients (100%) in the childhood-onset 
group presented with polysymptomatic manifestation at the time of the disease onset 
which even stronger confirms our hypothesis that younger patients with MS present 
more commonly with polysymptomatic clinical picture. 
Two of our patients presented with tonic spasms as the first manifestation of MS. Tonic 
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spasms are brief involuntary movements with dystonic posturing, which are often 
painful, can be frequent and usually localized to one side of the body. They occur in 3,8 
to 17,0% of MS patients (203). Although well defined, they are often missed or even 
misdiagnosed (204-206). Therefore, it is not surprising that only two cases of tonic 
spasms as the initial MS manifestation were reported until the year 2017 (203, 207), 
when we reported two additional cases (208). It is presumed that tonic spasms result 
from axonal activation secondary to ephaptic cross-transmission in the demyelinated 
plaques along motor pathway, especially in the sites where the motor fibers are close 
enough to allow radial spreading of the ectopic impulse (209). Preservation of the more 
distal motor fibers probably facilitates the pathologic discharge to reach the peripheral 
effectors and cause the spasm (206). In our patients the main triggering factors were 
hyperventilation, strong emotions and sudden voluntary movements  and tonic spasms 
spontaneously disappeared within 3 to 4 weeks. 
ADEM, characterized by multifocal deficits and encephalopathy, is the most frequent 
acute demyelinating syndrome in children (32, 49). Typically, ADEM is a monophasic 
disorder, but may also represent the first attack of pMS (91). An ADEM-like 
presentation as first MS attack has been reported in the literature in 2-19% of pMS 
cases (32, 49, 92, 190). In our pMS cohort only two out of 61 patients (3%) presented 
with ADEM at the onset. Between January 1, 1992 and June 30, 2017 we treated 17 
patients with ADEM at our department. These finding are consistent with our 
hypothesis that children with typical ADEM rarely progress to clinically definite MS. 
The incidence of OCB, elevated IgG index and pleocytosis among pediatric MS patiens 
varies widely (200). We have found CSF pleocytosis in 58%, elevated IgG index in 61% 
and positive OCB in 88% of pMS patients in our cohort. Other studies reported 
pleocytosis in 30-66% patients, elevated IgG index in 40-87% and positive OCB in 74-
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92% (31, 98, 116, 188, 190). In our cohort, all childhood-onset pMS patients had 
positive OCB in CSF, although some studies suggest patients with childhood-onset 
pMS are less likely to have positive OCB, as younger children with MS have a distinct 
CSF inflammatory profile at disease onset (99). CSF analysis is helpful in distinguishing 
MS from ADEM since only 4-10% of ADEM patients have positive OCB and 13-15% 
have an elevated IgG index at the first demyelinating event (105, 116). Routine CSF 
examination and OCB analysis are with MRI an important tool in distinguishing the first 
attack of MS from ADEM and other diseases. 
The revised 2010 McDonald criteria allow diagnosis of pMS at the time of a first clinical 
attack if the dissemination in time and space is present on the initial MRI (5, 85). 
Although MRI plays a key role in the diagnostic evaluation of MS in children and adults, 
the MRI features of pMS may be different from the adult onset MS. The MRI studies in 
pMS cohorts have shown that children often show more infratentorial lesions, 
especially in the brainstem and cerebellum, and may have large and confluent lesions 
with poorly defined borders (211). Furthermore, the lesion load in pediatric patients is 
lower than in adults and a high lesion load is a negative prognostic marker (97, 210). In 
our study, MRI revealed supratentorial lesions in all (100%) our patients, 55% of 
patients had infratentorial lesions and 56% spinal cord lesions. Thirty-three percent of 
patients had lesions in all three regions, demonstrating dissemination in space already 
at the first clinical presentation. These findings are underlining the importance of both, 
brain and spinal cord MRI for early diagnosis of pMS. Although studies have shown 
that inclusion of spinal cord imaging at first clinical attack do not increase diagnostic 
sensitivity in pediatric patients (94, 95), it is helpful in distinguishing MS from other 
demyelinating CNS disorders (96) and may be of value in monitoring disease activity in 
pMS (97). 
 67 
Treating pMS patients is not an easy task. The aim of the treatment is to reduce the 
frequency of relapses and to prevent disability. In our study 75% of patients had 
received immunomodulatory therapy at some point during their disease. The mean age 
at which immunomodulatory therapy was started was 17.1 years and the mean interval 
from onset of the disease to the start of immunomodulatory therapy was 2.1 years. 
According to IPMSSG, all pediatric patients with RRMS should start with IFN-β or 
glatiramer acetat as the first-line therapy (137). This was done in 72% of our patients. 
Lack of therapeutic effect prompted switching to other disease modifying therapy in 9% 
of patients. Side effects were uncommon reasons for changing the therapy.  
Our study has several weaknesses. It is a retrospective study, while more relevant data 
can be obtained in prospective studies. Also, we do not have precise 
neuropsychological and disability follow-up data to assess the full-scale disability in 
these patients. This would also allow us to examine the effect of different treatment 

















Our study provides new data on pediatric MS characteristics in Slovenia and, to our 
knowledge is the first study characterizing pediatric multiple sclerosis in our country. 
The estimated incidence of pMS in Slovenia is in an expected range and is very close 
to those previously reported incidences of pMS in other countries. The clinical pattern 
of pMS in our cohort of patients was characterized by polysymptomatic presentation 
and predominantly sensory symptoms at onset, developing a relapsing-remitting pMS 
course. All patients in the childhood-onset group presented with polysymptomatic 
manifestation at the onset of the disease. In our pMS cohort only two out of 61 patients 
presented with ADEM at the onset which is consistent with our hypothesis that children 
with typical ADEM rarely progress to clinically definite MS. We could not confirm that 
genetic load influences the age and the course of pMS.   
These results may help increase awareness of pediatric MS symptoms and age 
dependent risks for MS, subsequently leading to an early and correct diagnosis of 
pediatric MS and early start of adequate treatment. 
 
FUTURE DIRECTIONS 
This study provides a foundation for future epidemiological studies with larger cohorts 
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